General methods
All reactions were generally performed in dried glassware under an atmosphere of dry N 2 . Dichloromethane (CH 2 Cl 2 ) was distilled over CaH 2 ; EtOH was distilled over Na. THF and toluene were dried by passage over activated alumina under an Ar atmosphere. All other reagents were used without further purification, unless otherwise noted. Thin layer chromatography (TLC) was performed on Merck precoated plates (silica gel 60 F 254 , Art 5715, 0.25 mm) and were visualized by fluorescence quenching under UV light or by staining with phosphomolybdic acid. Silica-gel preparative thin-layer chromatography (PTLC) was performed using plates prepared from Merck Kieselgel 60 PF 254 (Art 7747). Flash column chromatography was performed on E. Merck Silica Gel 60 (230-400 Mesh) using a forced flow of 0.5-1.0 bar.
1 H NMR and 13 C NMR were measured on VARIAN Mercury 300 MHz, 75 MHz or Bruker Avance 400 MHz, 100 MHz respectively. Chemical shifts are expressed in parts per million (ppm) downfield from residual solvent peaks, and coupling constants are reported in Hertz (Hz). Splitting patterns are indicated as follows: br, broad; s, singlet; d, doublet; dd, doublet of doublet; t, triplet; q, quartet; m, multiplet. Infrared (IR) spectra were recorded using a JASCO FT:IR-4100 spectrophotometer and reported as wavenumber (cm -1 ).
Gas-chromatography/mass spectrometry was preformed using an Agilent 7820A (GC, 70 eV) coupled with an Agilent 5975 MSD Series (MS) system. Liquid-chromatography/mass spectrometry was preformed using a Dionex UltiMate3000 RSLC (LC) coupled with a Surveyor MSQ Plus (MS). High-resolution mass spectrometric measurements were performed by the mass spectrometry service of the LOC at the ETHZ on Agilent 1200 (LC) and Bruker maXis for ESI-Q-TOF. High Performance Liquid Chromatography was performed using pumps and UV-VIS detector manufactured by JASCO: Daicel Chiralpak AD-H Column (4.6 × 250 mm) with 9:1 hexanes:iPrOH as eluent, flow rate of 1.0 mL/min, and detection wavelength at 220 nm.
Synthesis and characterization of triazolium salt precatalysts in this study
2-(2,4,6-trichlorophenyl)-6,7-dihydro-5H-pyrrolo[2,1-c][1,2,4]triazol-2-ium (10 BF 4 -)
The synthesis of N-2,4,6-trichloro triazolium salt 10 was slightly modified from a procedure reported by Rovis. 1 In a dried round bottom flask, 1.09 g (12.8 mmol; 1 equiv) of pyrrolidin-2-one was dissolved in 60 mL CH 2 Cl 2 (0.2 M), followed by an addition of 1.89 g of Me 3 OBF 4 (12.8 mmol; 1 equiv). The reaction was allowed to stir overnight (ca. 12 hours).
GC/MS was used to monitor the reaction and identify the methyl ether product S1. 2 Without further purification, 2.10 g (10.0 mmol; 0.78 equiv) of (2,4,6-trichlorophenyl)hydrazine (commercially available from TCI) was added to the solution of S1 in CH 2 Cl 2 . This reaction was allowed to stir at room temperature for 3 hours (monitor by LC/MS). The mixture was concentrated in vacuo, and the desired 1-(pyrrolidin-2-ylidene)-2-(2,4,6-trichlorophenyl)hydrazin-1-ium 3 (S2) was obtained as white solid after recrystallization in CHCl 3 . The obtained intermediate S2 was dissolved in a mixture of 5 mL of (EtO) 3 CH, 5 mL chlorobenzene, and 1 mL MeOH. This solution was heated under N 2 overnight (ca. 12 hours)
at 110 o C (monitor by LC/MS). After cooling down, three portions of toluene was added to precipitate the desired triazolium salt as yellow solid, which was recrystallized first in THF and then in EtOH to afford white crystalline solid of 10 in 45% 
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The synthesis of (3,4,5-trimethoxyphenyl)hydrazin-1-ium chloride S4 followed the procedure described by Bode. 4 A 200 mL three-necked flask was charged with a solution of 3.0 mL concentrated HCl (aq) and 6.0 mL H 2 O, followed by a portion-wise addition of 2. 81, 153.95, 143.16, 132.43, 91.99, 91.44, 60.68, 56.44, 47.43, 29.04, 21.11. HRMS (ESI) 
H NMR comparison of the reactions with two catalysts in Tol-d 8

Redox esterifications of enal and α-chloroaldehyde
A) Enal comparison
The reaction was prepared according to the procedure describe previously with two exception: 1) 10 mol% of 2-(perfluorophenyl)-6,7-dihydro-5H-pyrrolo[2,1-c][1,2,4]triazol-2-ium tetrafluoroborate 1 2 was used in one case while 10 mol% of 2-mesityl-6,7-dihydro-5H-pyrrolo[2,1-c][1,2,4]triazol-2-ium chloride 1 was used in another, and 2) 10 mol% of iPr 2 NEt was added to both reaction. The rate was measured by the disappearance of MeOH and the formation of the product 4 7 via integrations of the peak at 3.20 ppm (MeOH) and 3.38 (Me ester) against the internal standard peak at 1.29 ppm (9H). The rate plots are shown below. NMR spectra of the two reactions were recorded over 15 minutes while the reaction was allowed to run at room temperature (see spectra comparison below). The rate was measured by the formation of the ester product 4 7 via integrations of the peak at 3.69 (Me ester) against the internal standard peak at 1.29 ppm (9H). The rate plots are shown below. (80.0 mg, 0.2 mmol, 1.0 equiv), and 10 mol% 1,8-diazabicycloundec-7-ene (DBU) was prepared using 2.0 mL CD 2 Cl 2 . This solution was transferred equally (0.5 mL) to four NMR tubes charged with triazolium salt precatalyst 9, 2, 10, and 1 respectively. 1 H NMR spectra of all four reactions were recorded after the reaction was allowed to run at room temperature for 20 minutes. Percentage conversions were measured by the integration of the enone peak at 6.95 ppm against the product peak at 6.33 ppm (see 1 H NMR spectra of unpurified mixture comparison). Percent conversions are calculated to be 100%, 50%, ~5%, and ~5% for 1, 10, 2, and 9 respectively (the reactions with 2 and 9 did proceed to full conversion over 12 hours). 
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A solution of 3-(4-methoxyphenyl)propiolaldehyde 11 (32.0 mg, 0.2 mmol, 1.0 equiv), 10.0 µL MeOH (0.2 mmol, 1.0 equiv), 1,3-di-tert-butylbenzene (0.1 mmol, 0.5 equiv as internal standard), and 10 mol% iPr 2 NEt was prepared using 2.0 mL tol-d 8 (with 10% CD 2 Cl 2 to ensure solubility). This solution was transferred equally (0.5 mL) to four NMR tubes charged with triazolium salts 9, 2, 10, and 1. 1 H NMR spectra of all four reactions were recorded after the reactions were allowed to run at 40 o C for 90 minutes. Percentage conversions were measured by the integration of the ynal peak at 9.18 ppm against an internal standard at 1.45 ppm (see 1 H NMR spectra comparison of unpurified mixtures). Percent conversions 13 are calculated to be 100%, ~90%, 50%, and ~5% for 9, 2, 10, and 1 respectively. 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v 1733 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v , 1634 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v , 1600 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v , 1577 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v , 1329 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v , 1308 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v , 1262 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v , 1244 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v , 1215 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v , 1201 147.20, 144.47, 134.15, 130.89, 129.08, 128.44, 127.84, 126.99, 121.79, 117.77, 116.90, 77.34, 77.22, 77.02, 76.70. IR (thin film) v , 1131 As an addition confirmation of the proposed hydride transfer mechanism by Csáky,
14
(E)-4-hydroxy-1-(4-methoxyphenyl)-4-methylpent-1-en-3-one 13 was used in place of enal with 1,4-naphthoquinone 14 as the stoichiometric oxidant with all 4 triazolium salts used in this study. We obtained no reaction (starting material recovery) for all four reactions. This showed that the mechanism of oxidation by 1,4-napthoquinone 14 (hydride transfer) must be different than that with diquinone oxidant 7 (electron-transfer oxidation). 15 With α-hydroxyenone, the Breslow intermediate II is generated directly, does not revert back to the initial adduct I (vide supra), and therefore no hydride donor was generated (below). 
C) The Breslow intermediate from α-methyl cinnamaldehyde is reversible
Intramolecular Stetter reaction comparison
A solution of (E)-methyl 4-(2-formylphenoxy)but-2-enoate 17 (52.8 mg, 0.4 mmol, 1.0 equiv), triethylamine (7.0 µL, 20.0 mol%), and 1,3-di-tert-butylbenzene (0.1 mmol, 0.5 equiv as internal standard) was prepared using 1.2 mL THF-d 8 . This solution was transferred equally (0.6 mL) to two NMR tubes containing triazolium salts 1 and 2 respectively. The reactions were carried out at room temperature, and 1 H NMR spectra of both reactions were recorded for the unpurified reaction mixture at 1 and 6 hours. The reaction with N-C 6 F 5 catalyst is more rapid and completed within 1 hour while that with the N-mesityl catalyst proceeded more slowly (20% at 6 hours). 1 H NMR spectra below compared the result. The 0.4 mmol, 1.0 equiv) was prepared using 0.5 mL PhCH 3 . This solution was transferred equally to two vials containing chiral triazolium salts 7' 1 and 9' 4 respectively. The reactions were carried out at room temperature, and 1 H NMR spectra of both reactions were recorded for the unpurified reaction mixtures at 1 and 18 hours. The reaction with N-mesityl catalyst is more rapid and completed within 1 hour while that with the N-C 6 F 5 catalyst proceeded more slowly (47% at 14 hours). The products were isolated by preparative TLC using 10:1 hexanes:
Hetero Diels-Alder reaction comparison
EtOAc. 1 H NMR spectra below compared the result. HPLC analysis showed that both the Nmesityl and the N-C 6 F 5 catalyst have the same sense of asymmetric induction, despite a different degree of enantioselectivity. Into an oven dried 4.0 mL vial, 2-((tert-butyldimethylsilyloxy)methyl)-5-hydroxy-4H-pyran-4-one 23 (25.6 mg, 0.10 mmol, 1.0 equiv), (R,S) triazolium precatalyst (1' or 2'; 0.10 equiv), and N-methylmorpholine (NMM; 0.15 equiv), were added, followed by 1.0 mL toluene (0.1 M) and 3-(4-chlorophenyl)propiolaldehyde 22 (16.4 mg, 0.10 mmol, 1.0 equiv).
The flask was sealed with a polyethylene cap. The resulting solution was heated to 40 o C and stirred for 24 hours before it was concentrated. The reaction with chiral N-mesityl catalyst 9'
afforded the desired Coates-Claisen annulation product 24 as described previously. 20 The reaction with the chiral N-C 6 F 5 catalyst 2' afforded the desired ester product 25 as the sole product, which was isolated as white solid preparative TLC (3:1 hexanes:EtOAc) as the sole product in 60% yield. -butyldimethylsilyl) 83, 167.91, 163.57, 147.47, 146.41, 141.02, 136.93, 132.47, 129.58, 129.33, 61.08, 25.74, 18.27, -5.47. IR (thin film) v 3106, 2928 83, 167.91, 163.57, 147.47, 146.41, 141.02, 136.93, 132.47, 129.58, 129.33, 61.08, 25.74, 18.27, -5.47. IR (thin film) v 3106, , 2859 83, 167.91, 163.57, 147.47, 146.41, 141.02, 136.93, 132.47, 129.58, 129.33, 61.08, 25.74, 18.27, -5.47. IR (thin film) v 3106, , 2359 83, 167.91, 163.57, 147.47, 146.41, 141.02, 136.93, 132.47, 129.58, 129.33, 61.08, 25.74, 18.27, -5.47. IR (thin film) v 3106, , 1732 83, 167.91, 163.57, 147.47, 146.41, 141.02, 136.93, 132.47, 129.58, 129.33, 61.08, 25.74, 18.27, -5.47. IR (thin film) v 3106, , 1659 83, 167.91, 163.57, 147.47, 146.41, 141.02, 136.93, 132.47, 129.58, 129.33, 61.08, 25.74, 18.27, -5.47. IR (thin film) v 3106, , 1635 83, 167.91, 163.57, 147.47, 146.41, 141.02, 136.93, 132.47, 129.58, 129.33, 61.08, 25.74, 18.27, -5.47. IR (thin film) v 3106, , 1460 83, 167.91, 163.57, 147.47, 146.41, 141.02, 136.93, 132.47, 129.58, 129.33, 61.08, 25.74, 18.27, -5.47. IR (thin film) v 3106, , 1204 83, 167.91, 163.57, 147.47, 146.41, 141.02, 136.93, 132.47, 129.58, 129.33, 61.08, 25.74, 18.27, -5.47. IR (thin film) v 3106, , 1146 83, 167.91, 163.57, 147.47, 146.41, 141.02, 136.93, 132.47, 129.58, 129.33, 61.08, 25.74, 18.27, -5.47. IR (thin film) v 3106, , 1109 
Characterization data (E)-6-(((tert
